Thermodynamic and spectroscopic investigations of TMPyP4 association with guanine- and cytosine-rich DNA and RNA repeats of C9orf72.
An expansion of the hexanucleotide repeat (GGGGCC)n·(GGCCCC)n in the C9orf72 promoter has been shown to be the cause of Amyotrophic lateral sclerosis and frontotemporal dementia (ALS-FTD). The C9orf72 repeat can form four-stranded structures; the cationic porphyrin (TMPyP4) binds and distorts these structures. Isothermal titration calorimetry (ITC), and circular dichroism (CD) were used to study the binding of TMPyP4 to the C-rich and G-rich DNA and RNA oligos containing the hexanucleotide repeat at pH 7.5 and 0.1 M K+. The CD spectra of G-rich DNA and RNA TMPyP4 complexes showed features of antiparallel and parallel G-quadruplexes, respectively. The shoulder at 260 nm in the CD spectrum becomes more intense upon formation of complexes between TMPyP4 and the C-rich DNA. The peak at 290 nm becomes more intense in the c-rich RNA molecules, suggesting induction of an i-motif structure. The ITC data showed that TMPyP4 binds at two independent sites for all DNA and RNA molecules. For DNA, the data are consistent with TMPyP4 stacking on the terminal tetrads and intercalation. For RNA, the thermodynamics of the two binding modes are consistent with groove binding and intercalation. In both cases, intercalation is the weaker binding mode. These findings are considered with respect to the structural differences of the folded DNA and RNA molecules and the energetics of the processes that drive site-specific recognition by TMPyP4; these data will be helpful in efforts to optimize the specificity and affinity of the binding of porphyrin-like molecules.